Nitroxidative, nitrosative, and nitrative stress: kinetic predictions of reactive nitrogen species chemistry under biological conditions.
A freely available Windows-based program, RNSim1A, is utilized to predict metal-independent reactive nitrogen species (RNS) chemistry (oxidation, nitrosation, and nitration) under simulated biological conditions and make the following specific predictions. (1) The peak in oxidative reactions that occurs in vitro with 1:1 fluxes of (*)NO and O(2)(*)(-) does not occur under biological conditions. (2) By far, the quantitatively dominant (92-99.6%) process in vivo is oxidation, compared to nitrosation and nitration. (3) Only five of the many possible RNS reactions involving thiol (glutathione, GSH) and tyrosine are quantitatively important biologically. (4) Under inflammatory conditions, approximately 1% of O(2)(*)(-) reacts with (*)NO to produce ONOO(-), with the remainder reacting with SOD. (5) The dominant reaction of tyrosyl radical is a radical swap with GSH, producing the glutathiyl radical and regenerating tyrosine. (6) Nitrosothiol is formed virtually exclusively via radical recombination (RS(*) + (*)NO) as opposed to reaction with nitrous anhydride (N(2)O(3)). (7) Nitrosothiol is an intermediate, not an endproduct, and responds dynamically to changes in the immediate chemical environment. (8) The formation of a nitroso group on a particular thiol can be considered a marker of increased reactivity of that thiol, and it is likely that other modifications of that thiol (oxidation, glutathiolation) are more abundant than nitrosation and may be the functionally significant modification. (9) Specific chemical mechanisms are proposed for posttranslational protein modification via nitrosation, nitration, glutathiolation, and also dithiol/disulfide exchange, with important roles for the thiolate anion and O(2) (suggesting possible mechanisms for O(2) sensing) and variable degrees of exposure of cysteine thiol and tyrosine phenolate. (10) Patterns of reactivity are similar for low (20 nM) and high (500 nM) steady-state levels of NO. (11) The dominant reactions are those involving reactants at the highest concentrations (CO(2), thiol, O(2)). Because of the dominance of oxidative processes caused by RNS, the term nitroxidative stress is proposed, emphasizing the oxidative (as opposed to nitrosative or nitrative) stress that dominates RNS actions under biological conditions.